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Abstract
We present a study of the spectroscopic factors for the (d,p) stripping reactions to the 11/2− states in the chain of
odd-mass Sn (A = 115 − 131) isotopes by using a multi-j generalized seniority approach. The results are in line with
realistic shell model calculations and explain the experimental trend quite well. The multi-j configuration used in these
calculations is consistent with earlier calculations for moments etc., and therefore, lends credence to the generalized
seniority interpretation. To the best of our knowledge, this work presents the first calculation of spectroscopic factors
from such an approach.
Keywords: Spectroscopic factors, Sn-isotopes, Generalized seniority, 11/2− states
1. Introduction
The nature and evolution of the single-particle states
in nuclei are of crucial importance in nuclear structure
physics, and also in astrophysical processes, particu-
larly in neutron-rich regions near magic numbers [1],
where r-processes are responsible for the production
of heavier elements. A critical investigation into such
astrophysical inputs can be made by means of single-
particle transfer reactions, which represent a powerful
tool to probe the nature of the low lying states and the
energies of the single-particle orbits. In the present era
of radioactive beam facilities, the study of transfer reac-
tions in inverse kinematics has become a standard tool
[1, 2]. The spectroscopic factors, obtained from the
transfer reaction cross sections, play a key role in track-
∗Corresponding author
Email address: bhoomi@um.edu.my (Bhoomika Maheshwari)
ing changes in the single-particle orbits as we venture
away from the stability region [3].
Various studies of spectroscopic factors in Sn iso-
topes have been attempted via (d,p) stripping reactions
by many authors [4–10]. Our recent studies based on
the generalized seniority approach [11–17] have en-
couraged us to extend this approach to the spectroscopic
factors. The present paper is the first attempt, to the best
of our knowledge, to calculate the variation of spectro-
scopic factors in a chain of odd-mass Sn isotopes, by
using the generalized seniority approach. More specif-
ically, we focus on the spectroscopic factors from (d,p)
reactions to the 11/2− states. We have also performed
realistic shell model calculations for comparison. The
generalized seniority results reproduce the experimental
trend quite well and lie close to the shell model results.
The paper is divided into four sections. Section 2
defines the spectroscopic factors by using the general-
ized seniority approach. Section 3 presents the calcu-
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lations of the spectroscopic factors for 11/2− states in
odd-mass Sn isotopes by using seniority, generalized
seniority and shell model calculations. The calculated
results are compared with the experimental data, wher-
ever possible. Section 4 concludes the paper.
2. Spectroscopic factors
One can define the spectroscopic amplitudes for pick-
up and stripping reactions by taking the expectation val-
ues of the second-quantization creation and annihilation
operators, a+ and a˜ between the states of nuclei with
A − 1 and A, and A + 1 and A, respectively. The corre-
sponding spectroscopic factor may be written as
S F =
1
2J + 1
|〈ΨAωJ||a+||ΨA−1ω′J′〉|2
=
1
2J + 1
|〈ΨA−1ω′J′||a˜||ΨAωJ〉|2 (1)
where am = (−1) j−ma˜−m and the factor (2J+1) goes with
the heavier mass A by convention, and the ω indices
are used to distinguish the different basis states with the
same J value.
2.1. Generalized Seniority
The seniority scheme is generally credited to
Racah [18] and Flowers [19]. The complete details of
seniority for a single-j shell may be found in the stan-
dard books [20–22]. The quasi-spin scheme for iden-
tical nucleons in single-j scheme satisfies the SU(2)
algebra formed by the pair creation operator S + and
pair annihilation operator S −, used to describe senior-
ity. Detailed expressions and selection rules for tran-
sitions may be found in Talmi [23]. The concept of
generalized seniority was first introduced by Arima and
Ichimura [24] for the multi-j degenerate orbits. The cor-
responding quasi-spin algebra for multi-j can simply be
followed by defining a generalized pair creation opera-
tor S + =
∑
j S +j [23]. Talmi also introduced it for non-
degenerate multi-j orbits by using S + =
∑
j α jS +j , where
α j are mixing coefficients [25, 26].
Our recent understanding of the generalized senior-
ity approach is based on multi-j degenerate orbits by
defining S + =
∑
j (−1)l jS +j , as proposed by Arvieu and
Moszokowski [27]. Here l j denotes the orbital angu-
lar momentum of the given-j orbit. This approach led
us to a new set of electromagnetic selection rules and
a new kind of seniority isomerism in semi-magic nu-
clei [11]. The seniority in single-j changes to the gen-
eralized seniority v in multi-j with an effective-j de-
fined as j˜ = j ⊗ j′.... having a pair degeneracy of
Ω =
∑
j
2 j+1
2 =
(2 j˜+1)
2 . The shared occupancy in multi-
j space is akin to the quasi-particle picture. However,
the number of nucleons n =
∑
j n j and corresponding
generalized seniority v =
∑
j v j remain integers.
We have recently examined the goodness of senior-
ity and generalized seniority in the behavior of the
excitation energy, electromagnetic transition rates like
B(EL) and B(ML) trends, Q−moments and magnetic
moments, or g-factor values [11–17]. In this paper,
we extend our studies to the single-particle transfers in
a multi-j generalized seniority approach. The reduced
matrix elements of a+ in a j˜n configuration can be re-
lated to the reduced matrix elements in a j˜v configura-
tion by using the Wigner-Eckart theorem as follows:
〈 j˜nvJ||a+|| j˜n−1v − 1J′〉 =
√(
2Ω + 2 − n − v
2Ω + 2 − 2v
)
〈 j˜vvJ||a+|| j˜v−1v − 1J′〉 (2)
The above relation appears very similar to the single-j
situation except for the difference in defining the multi-j
pair degeneracy Ω =
∑
j
2 j+1
2 =
(2 j˜+1)
2 . We can further
rewrite the Eqs. (1) and (2) as,
S F =
1
2J + 1
|〈 j˜nvJ||a+|| j˜n−1v − 1J′〉|2
= v
(
2Ω + 2 − n − v
2Ω + 2 − 2v
)
[ j˜v−1(v − 1, J′) jJ|} j˜vvJ]2 (3)
3. Results and Discussion
Our main concern is to examine the multi-j config-
uration for the 11/2− states in odd-mass Sn isotopes,
as suggested by the generalized seniority in our previ-
ous studies of g-factor trends [16]. We have calculated
the spectroscopic factors by using Eq.(3), for the 11/2−
states from 115Sn to 131Sn by freezing the lower-lying
g7/2 and d5/2 orbits of the 50 − 82 shell. The remaining
active orbits are h11/2, d3/2 and s1/2 corresponding to the
pair degeneracy of Ω = 9. The generalized seniority has
been taken as v = 1 for these states. The coefficients of
fractional parentages simply become one (from v = 0
to v = 1), and the trend of spectroscopic factor values
can be calculated by using Ω = 9 and changing the neu-
tron number n, as
(
2Ω+2−n−v
2Ω+2−2v
)
. The generalized seniority
(d,p) spectroscopic factors follow a linearly decreasing
trend with increasing mass number, as shown in Fig. 1,
and explain the overall experimental trend. The prin-
ciple experimental data for (d,p) stripping reactions in
Sn isotopes have been adopted from the nuclear data
2
sheets [28–34]. It may be noted that the adopted data
sets for (d,p) stripping reactions in these isotopes have
not changed much since the previous evaluations during
1980-90s. Our generalized seniority calculated results
are in line with the previous interpretations of pairing
correlations in the Sn isotopes by Andreozzi et al. [35],
where they have shown the dominance of h11/2, d3/2
and s1/2 orbits above N = 64. Table 1 compares the
spectroscopic factors obtained from our generalized se-
niority results and the previous results of Andreozzi et
al. [35]. Besides, preliminary experimental data from
a Ph.D. thesis [36] have been shown for comparison in
Table 1 and Fig. 1.
Table 1: A comparison of the experimental and calculated (d,p) strip-
ping spectroscopic factor values for the 11/2− states in N > 64 odd-
mass Sn isotopes. The principle experimental data have been taken
from nuclear data sheets [28–34] for comparison. GS denotes the
generalized seniority results, which have also been compared to the
previous studies by using a pairing Hamiltonian approach [35]. The
last column presents the preliminary experimental data taken from the
thesis [36], where the quoted uncertainties are purely statistical.
Nucleus Exp. GS (ours) Ref. [35] Ref. [36]
115Sn 0.77 1.00 0.89 0.843(20)
117Sn 0.79 0.89 0.83 0.892(12)
119Sn 0.69 0.78 0.70 0.794(9)
121Sn 0.49 0.67 0.61 0.801(22)
123Sn 0.38 0.56 0.52 0.544(9)
125Sn 0.42 0.44 0.42 0.451(8)
127Sn 0.33
129Sn 0.22
131Sn 0.11
To further support our results, we have performed
the shell model calculations by using the Sn100PN in-
teraction [37]. The interaction assumes 100Sn as a
core. The neutron single-particle energies are taken
to be −10.6089,−10.2893,−8.7167,−8.6944,−8.8152
MeV for 1g7/2, 2d5/2, 2d3/2, 3s1/2 and 1h11/2 orbits,
respectively. The two-body matrix elements are em-
ployed with the mass dependence of A−1/3. The Nushell
code [38] was used to diagonalize the shell model
Hamiltonian and evaluate the spectroscopic factors. The
calculations were truncated for N < 74 Sn isotopes by
freezing the g7/2 orbit due to computational difficulty in
handling large dimensions. However, the results should
largely remain unaffected, as only h11/2, d3/2 and s1/2
orbits are needed for studying the 11/2− states, as sug-
gested by the generalized seniority approach.
The shell model calculated results are also shown in
Fig. 1. Interestingly, the overall trend from the shell
model follows the generalized seniority calculated re-
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Figure 1: (Color online) The experimental [28–34] and calculated
(d,p) stripping spectroscopic factors for 11/2− states in odd-mass Sn
isotopes. The calculated values are from seniority, generalized se-
niority and the shell model for comparison. The generalized seniority
calculations obtained by using Ω = 9 follow the trend, if not fully the
magnitudes, of the shell model calculations. The g7/2 orbit is fully-
filled for shell model calculations due to computational limitations
for N < 74 Sn isotopes. The preliminary experimental data from the
thesis [36] are also shown, where the quoted uncertainties are purely
statistical.
sults. Such investigations, hence, validate the usage
of generalized seniority and corresponding multi-j con-
figuration for explaining the 11/2− states in odd-mass
Sn isotopes. We have also plotted the single-j senior-
ity trend obtained from a single-j h11/2 configuration in
Fig. 1. As may be noticed, the single-j approach can-
not explain the full trend. The seniority trend exhibits
a different slope from the generalized seniority and the
shell model trends. This may be due to the considera-
tion of various orbits in generalized seniority so that the
h11/2 occupancy increases slower with increasing neu-
tron number, in comparison to the pure seniority case.
The goodness of generalized seniority is hence crucial
for explaining the spectroscopic properties in Sn iso-
topes. The success of this simple model suggests that
the large scale shell model calculations can also be sim-
plified by using a limited space without sacrificing the
results. The generalized seniority approach also gives
us a simple physics understanding of the spectroscopic
factors.
We have also calculated the occupancies of the h11/2,
d3/2 and s1/2 orbits for the ground states of even-mass
Sn isotopes from the generalized seniority approach by
using Eq.(3) for (d,p) stripping reactions in Sn isotopes,
where the g7/2 and d5/2 orbits are taken to be fully-
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Table 2: A list of calculated occupancies of various orbits for the ground-state in N > 63 even-mass Sn isotopes, from the shell model and the
generalized seniority approach. The g7/2 and d5/2 orbits are assumed to be fully occupied in the generalized seniority approach.
Nucleus Shell Model Generalized Seniority
g7/2 d5/2 d3/2 s1/2 h11/2 g7/2 d5/2 d3/2 s1/2 h11/2
114Sn 8.0 4.25 0.26 0.12 1.37 8.0 6.0 0.0 0.0 0.0
116Sn 8.0 4.52 0.47 0.27 2.75 8.0 6.0 0.44 0.22 1.32
118Sn 8.0 4.71 0.75 0.44 4.09 8.0 6.0 0.88 0.44 2.64
120Sn 8.0 4.91 1.12 0.64 5.33 8.0 6.0 1.32 0.66 3.96
122Sn 8.0 5.11 1.53 0.85 6.52 8.0 6.0 1.76 0.88 5.28
124Sn 7.32 5.31 2.22 1.26 7.89 8.0 6.0 2.24 1.12 6.72
126Sn 7.56 5.49 2.57 1.46 8.92 8.0 6.0 2.68 1.34 8.04
128Sn 7.74 5.66 2.99 1.65 9.97 8.0 6.0 3.12 1.56 9.36
130Sn 7.88 5.83 3.50 1.82 10.98 8.0 6.0 3.56 1.78 10.68
filled. The calculated numbers are also compared with
the shell model calculations, as listed in Table 2. The
numbers from both the models do not differ much from
each other for the h11/2, d3/2 and s1/2 orbits, particu-
larly for neutron-rich Sn isotopes. Hence, the multi-j
h11/2 ⊗ d3/2 ⊗ s1/2 configuration corresponding to Ω = 9
in a generalized seniority approach works pretty well for
neutron-rich Sn isotopes and also supports the sub-shell
gap at N = 64.
4. Conclusion
In this paper, we have carried out a study of the spec-
troscopic factors for the (d,p) stripping reactions pop-
ulating the 11/2− states in the Sn isotopes by using
the multi-j generalized seniority approach. The cal-
culated spectroscopic factors follow the experimental
trend quite well. Although, the importance of pairing
effects in these nuclei has long been recognized, we be-
lieve that our work supports the goodness of general-
ized seniority and also validates our previous interpreta-
tion of various other spectroscopic properties like B(EL)
trends, half-lives, high-spin isomers, g-factor trends etc.
in terms of generalized seniority. It is pertinent to note
the remarkable consistency of the same multi-j configu-
rations in explaining all the spectroscopic properties of
Sn isotopes.
The generalized seniority results also follow the over-
all trend of realistic shell model calculations, which
are a bit challenging computationally due to the large
dimensions. The generalized seniority approach thus
turns out to be a simple way to obtain the spectroscopic
factors, which also provides an understanding of the un-
derlying physics. The explanation, in a way, also sup-
ports the continued existence of the sub-shell gap at
N = 64 for Sn isotopes. The role of symmetries in
terms of the goodness of generalized seniority is, there-
fore, crucial in explaining the spectroscopic properties
of the Sn isotopes. We propose to expand these studies
to other mass regions also.
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